INTRODUCTION
When the electric field inside a thundercloud produced by its electrification cloud becomes higher enough, an electric discharge can occur [1] [2] . The charge structure of a thunderstorm can be very complex and can change during the storm lifetime. However, a simplified representation of the charge centers as tripolar distribution with a spherical geometry [3] is widely accepted. Some authors (e.g. [4] ) take in to account a spherical bipolar cloud charge when modeling downward leaders. Tn other models generate the cloud electric fields by means of ring geometries (e.g. [5] ) or as by a surface at certain potential (50 MY to 100 MV).
As here, models used to investigate the attachment of lightning by structures use to be relatively simple. These models of leaders do not consider the exhaustive physics beyond, as kinetic ionization models. To establish a simple model for the stepped leader it should take some reference values for the transported charge, length, velocity, path and charge distribution. All these parameters depend on each others. Reference models are the propagative models; the leader progression model (LPM) by Dellera and Garbagnati in [5] and its subsequent, improvement by Bernardi et al. in [6] , Rizk in [7] and the recently proposed by Vargas et al. in [4] . On the other hand, some valuable effort has been done with the aim to investigate the charge distribution along the leader. Recently Cooray et al. in [8] considered an exponential distribution of charge along the leader channel, which seems a more real representation of the phenomenon.
Tn this paper the cloud model is assumed as a bipolar charge distribution with an ellipsoidal geometry. The model also lets the addition of a third charge center, also ellipsoidal, to represent the low positive charge center below the midlevel charge. The heights and extension of the charge centers are estimated from temperature soundings, radar cross-sections and total lightning detections. Regarding the leader modeling it is based on the LPM with an exponential charge distribution. The electric fields at ground level produced by the model are computed and compared with real measurements from two the 2009 campaign (north-eastern Spain).
MODELLING
The numerical methods used by researchers to model leaders by means of electrostatic equations are the charge simulation method (MSC) [9] and the finite element method (FEM) [10] that allows the resolution of the Poisson equation for the electric potential U.
The FEM executes the spatial calculation of the problem defined by boundary conditions and using a triangular mesh. Choose of the geometry, boundary conditions and the mesh size is a fundamental aspect to obtain an approximate result [11] . The software used was Comsol Multiphysics 3.4 ™ [12] . The code lets to adjust the mesh size for different areas of geometry. When working with large volumes (several km) this option will be very useful and will help to reduce the computing time. The simulation of an object or a structure (also cloud charges and the leader) it is inside of a surface (20) or a control volume (3D) in which the mesh is applied and the numerical calculation is developed. This surface or control volume must be much larger than the size of the object or the structure. After the firsts experiences by Becerra and Cooray in [13] , it was adopted a control volume with a cylindrical shape of 15 km radius and height of 15 km as well.
DATA
During summer 2009 a measurement campaign were carried out over Catalonia region. In this campaign lightning flashes were video recorded at rates of 10000 frames per second. Simultaneously with high-speed video recordings, vertical electric fields produced by close lightning were recorded by means of a flat plate antenna. In other hand, lightning locations of total lightning were provided by the Catalan Lightning Location Network (XDDE) and LINET. At that time, the XDDE was composed by two VHF interferometers LS8000 type plus two SAFLR 3000 type. Regarding LlNET, the network had nine sensors in Spain but these were connected to the rest of the sensors in Europe. Since the XDDE network locates several tens to hundreds of sources per intra-cloud flash (IC) it was selected for cloud emission while LTNET was selected for cloud-to-ground CG data. CG data includes the location of every stroke in a flash and the estimated peak current.
Besides lightning information, meteorological radar provided volumetric reflectivity profiles of the studied storm cells. In Catalonia a three C-band doopler radar network is operated by the Catalan Meteorological Service (SMC).
CLOUD CHARGUE STRUCTURE
Since the simulated lightning was produced by an ordinary summer storm, the altitudes of the negative region of the cloud were assumed to correspond to the -10°C to -20°C isotherms [4] . At the day of the field measurement, according to the closest sounding, these isotherms corresponded to the altitudes of 5 to 7.2 km. Once the vertical range of the negative charge is obtained, its horizontal extension is adopted from the VHF cloud sources located by the XDDE VHF network. Figure 1 shows the IC detections associated to the studied flash. Assuming that the XDDE detects negative leaders moving into a positive charge region we will adopt as horizontal extension of the charge regions an ellipse that fits the detected sources. The maximum and the minimum axes of the ellipse are 6 km and 2.2 km respectively. In this work we assume a basic vertical dipole structure where the main charge is confined in two ellipses with a total charge of 40C and -40C. The maximum altitude for the positive charge region above to the negative is obtained by means of radar reflectivity cross-sections. According to the radar the maximum altitude would be 11 km. Figure 2 shows the cloud structure obtained for this study. Figure 2 . Geometry of the cloud charge structure employed in this study. Figure 5 shows the electric field signature produced by a downward negative leader with a return stroke current of -12.2 kA at a distance of 850 m approximately. According to our observations we assume the channel as "quasi" vertical. The simulation of the electric fields at ground level produced in this event is computed according to the previously described model and the geometry in figure 3 . The charge distribution of the leader is assumed to be exponentially according to [8] . The charge along the leader at different leader tip altitudes is displayed in figure 4 . The leader is advanced in steps of 50 meters of length and the leader speed is considered to be constant (1.5 10 5 mis, simulation 1 in figure 5 ) and variable (from 4.4 10 4 mls to 1.6 10 6 mis, simulation 2 in figure 5 ).
RESULTS
l r Figure 4 . Charge density of the leader at different altitudes.
Since the high-speed videos at 10000 fjJs produce a frame every 100 /ls it lets to calculate a detailed speed. The common problems are: (1) the video images are 2D thus, a second camera would be needed to resolve the tridimensional positions; (2) we normally observe the last kilometers of the leader emerging from the cloud base. The resulted simulation of the electric field produced by the leader in figure 5 , with variable speed, adjusts very well to the measured. The results here present our first approach, encouraging having more measurements of natural lightning simultaneous with high-speed videos in future campaigns.
CONCLUSIONS
This paper presented a 3D propagative model of a simplified downward leader. The time domain results in this study shows that the electric field produced by the leader can be very well approached to the measured fields by adjusting the speed and charge. The model also improves the representation of the cloud charges which is estimated from total lightning detections, temperature soundings and volumetric radar. The simulations are based on an observation recorded during the 2009 campaign. Many parameters are requested to have a good quality observation: 1 /ls time GPS synchronization of each frame; camera's field of view; no saturations in the electric field antennas and VHF IC sources detections with good location accuracy. The results here encourage continuing working including more realistic leader geometries such tortuous paths. These require a good 3D observation obtained from two cameras or with the camera and the VHF locations of the leader.
